ABSTRACf: Among the present methods for analyzing hydrocarbons to perform ambient air, stationary source and vehicular emission monitoring are flame ionization detection, gas chromatography, non-dispersive infrared spectros-I copy, dispersive infrared spectroscopy and catalytic oxidation. Promising methodology includes ultraviolet spectroscopy, optoacoustic detection, along with others. Problems associated with the production of improved instrumentation are discussed and reconunendations made for further research and development. 
Hydrocarbons may be viewed as both a blessing and a curse in the light of this cOlUltry'S energy resources and consunption problems.' Hydrocarbons are a blessing in providing the largest fraction of our basic fuel and petrochemical resources; their curse is due to the manner in which they and their by-products are released into our environment. It should also be remembered that the most serious problems of hydrocarbons arise from the interactions with other pollutants in the photochemistry of the atmosphere. In this discuss ion we will only be concerned with gaseous hydrocarbons;. particulates will be considered in another session. Although the primary emphasis at this Conference is on anbient air analysis, we will also consider stationary source and vehicular emission monitoring to provide a complete picture of hydrocarbon analysis.
A number of papers have been concerned with the sources of hydrocarbons.
and with the technology of their utilization and control. l ,2,3,4 In this survey we will only deal with the detection and monitoring of hydrocarbons both as total hydrocarbons and their specific species. Although methane accounts for 60 to 90% of the atmospheric hydrocarbons, it is photochemically inert. Thus, the major interest will be devoted to the identification of the non-methane components present in the atmosphere.
We will describe the techniques that form the basis of present commercial instrumentation along with those ideas which appear to merit further investi-.
gation. More complete infonnation on current instrumentation and operating principles will be found in InstnDllentation for Environmental M:mitoring, AIR.
5 It is realized that no survey can be exhaustive and complete; if commercial instruments have been omitted, we ask the indulgence of their manu-
facturers. B. Classification of Instruments
Instruments suitable for hydrocarbon analysis may be divided. into two classes: Mmual and automatic. 4 Manual operation implies human involvement in order to progress from one step in the analysis to another; automatic operation implies that many of the operations are self-initiated. Automatic operation may be further subdivided into continuous and continual operation.
Manual operated analyzers will not be discussed in great detail here, in as much as the forward look of this Sympositun is toward automated methods. '
In continuous analyzing instrtunents the uninterrupted output response is a direct function of the concentration of the unknown constituent being analyzed; however, depending upon the detection technique certain integration times and chemical or signal processing delays may be involved. Flame ionization detection is an example of a continuous process.
Continual analyzing (sometimes referred to as semicontinuous) instrtunents
are those where a representative fraction (sample) of the unknown is taken and analyzed and the process automatically repeated on a regular basis. In the ideal case the analyzing period is sufficiently short that no significant chemical changes take place before another sample is measured. Automated gas chromatographs may be considered continual instruments.
C. Gaseous Hydrocarbon f.t>ni toring Systems
In this paper we are dealing with the instruments and techniques rather than the total monitoring system used for hydrocarbon analysis. Although the analyzer is necessary for monitoring, it is never sufficient by itself. A discussion of an entire monitoring system is beyond the scope of this discussion; however, the following general concepts are presented for discussion:
Particular attention should be given to the role of each component in the system and how the system requirements change according to the application.
It cannot be overemphasized that considerable care must be exercised in designing a complete monitoring system. Depending upon the specific In addition to analyzing more than one parameter one will usually need instruments to measure the temperature, pressure, hLUllidity and the flow characteristics of both the sample and parent gas streams. Data from such instruments allow assessment of mass concentration, mass flow, and gas composition.
Operation Characteristics
Before discussing specific monitoring techniques it would be well to consider the factors one must take into account when selecting new instrumentation. Of primary concern are the reliability, durability and ruggedness of the complete system. The reliability of the measurement is determined by factors such as specificity, sensitivity and accuracy. It will often be necessary to settle for less than maximum reliability because of limitations in tillle available for inspection, maintenance and repair. 111is is especially tnlC in stationary source monitoring in which the operating conditions may be quite hostile. Depending upon the desired frequency of data, available manpower and accessibility, one may also desire the capability of unattended operation for extended periods. S. Greater sensitivity is of particular importance. As the emission levels of contamination decrease, it is necessary that the instrumentation be able to cope with these lower levels.
6. Instruments should be capable of being read out both directly (e.g., for field use) and indirectly into data-handling facilities for stationary or laboratory use.
7. Sampling means should be provided as part of the equipment.
8. TIle system should be capable of accurate calibration either in the laboratory or in the field. Built-in calibration means are particularly dei sirable. Erroneous data are worse than no data at all! 9. Instruments should be rugged and thoroughly reliable.
10. Finally, any new analysis system must lead to cost benefits that are real and evident. 
II. GENERALLY IWPLOYED DETECfION TEQ-INIQUES
TIle discussion here is confined to hyurocarbon <U1alyzers that detect the pollutant in the gaseous phase. Each of the following brief descriptions applies principally to an analyzer. An analyzer, the heart of the monitoring system, is where the actual measurement of the pollutant concentration occurs.
Depending upon its characteristics, a particular analyzer is usually intended for either ambient air, stationary source or vehicular emissions monitoring.
As mentioned before, the analyzer by itself does not complete the monitoring system. Besides the analyzer, a system will need one or more of the following components: probes to obtain the sample, lines to transport the sample, conditioning Wlits to dry, heat, cool or otherwise pretreat the sample before analysis, selective filters to reJilove gases or particulates that CLm. affect accuracy or operation, plDllpS to move the sample, calibration devices, ·readou~ means and data-handiing peripherals such as strip-chart recorders or analogto-digital convertors. Some or all of these components may be included as a part of the basic analyzer.
A. Flame Ionization Detection (FID)
Flame ionization detection is the most widespread hydrocarbon sensing method in use today. The FID technique as adapted to total hydrocarbon analy- .
.
burning in air produces very little ionization, the effects of backgrOlmd sub- In the second method the hydrogen content of the hydrocarbon IS measured.
The selective combustor is followed by a water-sensing sorption detector.
Thus, the water of combustion is a measure of the hydrocarbon present. An air dryer is placed ahead of the combustor ~o keep I atmospheric water vapor from swamping the analyzer. ·The first commercial automatic gas chromatograph following the above dev'elopments was produced by Mine Safety Appliances . Another automated GC was developed by Union Carbide Corp., and reported by Fee 16 . TIl is unit analyzed three parameters: CO, Q-I .. and total hydrocarbons at a maximum rate of 12 cycles per hour. The range of sensitivity was from 0 -1 ppm to -0 -1000 ppm in several steps. Ambient air was continuously drawn into the analyzer through a two-section particulate filter. A timer activating an injection valve transferred an 8 ml air sample directly into the rm. This operation measured the total hydrocarbons present. About 38 seconds later another 8 ml sample was taken. A pre-colUilm stripper' removed CO 2 , water vapor and non-methane hydrocarbons. Thesanlple was then separated into methane and CO components in the GC column; the CO portion was catalytically converted to methane, and the two components, arriving about 15 seconds apart, analyzed by FID. It is our understanding tllat these units are no longer in commercial production. • -tE) The light source is a deuterium discharge tube and the gas cell has an 0.2 m absorption length. A sodium salicylate plate is employed as a detector. Table 6 lists the maximum detection sensitivity for several hydrocarbons, along with the maximum measurable concentrations. Optoacoustic detection of several hydrocarbons has been reported by scientists from Bell Telephone Laboratories. 29 The absorption of various wavelengths from CO and CO 2 molecular gas lasers was measured by a chopper-modulated beam directed through a gas sample. The absorbed energy caused a pressure increase in the sample cell which was detected by means of an internal microphone •. Table 7 . only category dealing with hydrocarbons was "Storage Vessels for PetrolelD1l
Liquids." The regulations for stationary source performance standards include sampling and analysis methods for detenning emissions. Table 9 . On July 16, 1973, EPA "proposed emission standards for low emission vehicles. Under , the Clean Air Act, the Federal government will pay premiLDn prices for motor vehicles whose emissions control performance is significantly better than required by the Federal standards in effect for regular production vehicles. Individual species are readily identified only by means of a gas chromatographic separation column. The minimum time to analyze one sample usually runs at least 5 minutes. There is no method on the horizon which appears to be competitive with GC for individual hydrocarbon gas analysis.
With respect to on-going developments both the IR and UV portions of the spectrum appear promising for dispersive spectroscopy technology. 
